Stars that explode as supernovae come in two main classes. A type Ia supernova is recognized by the absence of hydrogen and the presence of elements such as silicon and sulphur in its spectrum; this class of supernova is thought to produce the majority of ironpeak elements in the Universe. They are also used as precise 'standard candles' to measure the distances to galaxies. While there is general agreement that a type Ia supernova is produced by an exploding white dwarf star 1 , no progenitor system has ever been directly observed. Significant effort has gone into searching for circumstellar material to help discriminate between the possible kinds of progenitor systems 2 , but no such material has hitherto been found associated with a type Ia supernova 3 . Here we report the presence of strong hydrogen emission associated with the type Ia supernova SN2002ic, indicating the presence of large amounts of circumstellar material. We infer from this that the progenitor system contained a massive asymptotic-giantbranch star that lost several solar masses of hydrogen-rich gas before the supernova explosion.
SN2002ic was discovered before or near maximum light by the Nearby Supernova Factory search 4 . It appeared ,4 arcsec west of a faint elongated galaxy and north of a fainter galaxy (see Supplementary Fig. 1 ). We have measured a redshift of z ¼ 0.22 for the galaxy to the east and z ¼ 0.078 for the galaxy to the south, which rules out any association of these galaxies with the supernova (z ¼ 0.0666; see below).
Our spectroscopic coverage of SN2002ic encompasses a period of ,60 days, and clearly demonstrates that this object belongs to the Ia class (see Fig. 1 ). The features in SN2002ic are very much like those of the type Ia SN1991T
5 , but diluted in strength. Although SN1991T/1999aa-like events are sometimes referred to as 'peculiar', they make up 20% of the local population of type Ia supernovae (SNe Ia) 6 . The most remarkable spectroscopic feature in SN2002ic is the Ha emission at z ¼ 0.0666. This emission is spatially unresolved with a full-width at half-maximum, FWHM, of #1. (Fig. 2) suggests that the SN/CSM interaction remains strong at least 2 months after explosion, which is also consistent with large massloss rates 3 . The SN/CSM interaction in SNe IIn produces a luminosity enhancement compared to classical SNe II 10 owing to the conversion of kinetic energy into continuum radiation. This suggests that the absorption features and light curves of SN2002ic may be similarly 'veiled' relative to 'normal' SNe Ia. This hypothesis is confirmed from the spectroscopic comparison between SN2002ic and the type Ia SN1999ee 11 ( Fig. 3) , and the photometric analysis shown in Fig. 4 .
The strength of the SN/CSM interaction in SN2002ic is totally unexpected for a SN Ia, but is typical in SNe IIn. It is interesting to hypothesize that some SNe IIn may actually be SNe Ia like SN2002ic, letters to nature but with an even stronger SN/CSM interaction. In this context, we draw attention to the type IIn SN1997cy that may have been associated with the g-ray burst source GRB970514 12, 13 . In Fig. 5 we show that the late-time (,70 day) spectra of SN2002ic and SN1997cy are strikingly similar. Both the BV light curve decline rates (,0.7 mag per 100 days) and the peak absolute magnitude of M(V) < 2 20.1 of SN1997cy 13 are very similar to the decline rates inferred for the SN/CSM interaction and the peak brightness for SN2002ic (see Fig. 4 ). Note that similar high luminosities and flat, constant-colour light curves were also seen in the SN IIn 1988Z 14 . The photometric properties of SN1997cy are well reproduced by a model of the explosion of a 25 M ( star with high explosion energy (3 £ 10 52 erg) which interacts with a dense CSM of ,5 M ( (ref. 13 ). In this model, the light curve is powered by the SN/CSM interaction with a contribution of radioactive heating of up to 0.7 M ( of 56 Ni. In view of the close similarity between SN1997cy and SN2002ic, and the clear evidence that SN2002ic was a bona fide SN Ia, a reexamination of possible models for SN1997cy seems worthwhile, including both its association to GRB970514 and the overall energetics. We note that C/O Chandrasekhar white dwarfs are very unlikely to produce more than 2 £ 10 51 erg (ref. 15). This upper limit appears to be in conflict with the total radiated energy of 10 52 erg estimated for the SN IIn 1988Z 16 , but this estimate is highly uncertain.
Is there evidence for a SN/CSM interaction in other SNe Ia? It has been observed that the BVRI light curves of the 1991T/1999a type 6 show an 'over-brightness' ,1 month after maximum compared to spectroscopically 'normal' SNe Ia 17, 18 . Perhaps all 1991T/1999aa events occur in progenitors with a significant CSM, and the SN/CSM interaction accounts for the additional luminosity at later epochs. A test of this hypothesis would be to search for radio or X-ray emission from these SNe Ia or extremely faint hydrogen emission.
The modelling of SN1997cy shows that a few solar masses of CSM material are involved in the emission processes. By analogy, we would expect a star in the progenitor system of SN2002ic to lose a similar amount of mass, ruling out a double-degenerate model for the progenitor of this type Ia explosion. A progenitor consistent with this amount of mass loss is a binary system containing a C/O white dwarf and a massive (3-7 M ( ) asymptotic-giant-branch star It is difficult to make more precise statements because, while the subtraction of the continuum at early epochs is straightforward, at later times the SN has a broad emission feature (see Fig. 1a ) which makes the subtraction much more uncertain. where the integrated mass loss can reach a few solar masses 19 . The accretion of part of this wind onto the white dwarf could bring it to the Chandrasekhar mass. An alternative explanation is the thermonuclear explosion of the degenerate core of a 'single' asymptoticgiant-branch star in a 'type 1.5' event 20 , although the spectrum of this event has not been calculated in detail. We also note that SN2002ic was much more luminous than its (yet-to-be-identified) host galaxy. Curiously, the host galaxy of SN1997cy was also of very low luminosity 12 , as was the host of the 1999aa-like SN1999aw 18 . Such low-luminosity galaxies are likely to be characterized by low metallicities 21 . Hence, the presence of SN/CSM interaction in 1991T/1999aa-like events such as SN2002ic may be related to mass loss in a metal-poor environment.
A (characterized by a post-maximum decline rate, Dm15(B ), of 0.94) expected for the redshift and reddening of SN2002ic. While the initial decline rate of SN2002ic was very slow, the B and V light curves evolved into the final linear decline rate within ,25 days of maximum, which is only observed for the fastest declining SNe Ia 26 . Also shown (diamonds) in B and V is the luminosity evolution of the SN/CSM interaction as inferred from the dilution of the spectral features (Fig. 3) to which we have fitted straight lines (shown as dashes). The triangles show the result of subtracting this light curve from the observed photometry of SN2002ic. For the first ,25 days, the 'unveiled' peak magnitudes of B < V < 18.0 are consistent with a 'normal' SN Ia. However, beyond JD 2452630 the residual flux remains high compared to SN1999ee. This suggests that a model of the light curves of SN2002ic as the sum of a 'normal' SN Ia and a slow-declining SN/CSM interaction may be overly simple. Figure 5 Spectroscopic comparison between SN2002ic and SN1997cy. Spectrum of SN2002ic taken on January 9 (,47 days after maximum light, which corresponds to ,67 days after explosion for an assumed time of 20 days between explosion and peak brightness) compared to that of the type IIn SN 1997cy taken 71 days after explosion 13 , which is assumed to coincide with the detection of GRB970514 12 . The striking similarity between these two objects suggests that some SNe IIn are the result of thermonuclear explosions of white dwarfs surrounded by a dense CSM instead of core collapse in massive stars. A common feature of the single-walled carbon-nanotube fieldeffect transistors fabricated to date has been the presence of a Schottky barrier at the nanotube-metal junctions 1-3 . These energy barriers severely limit transistor conductance in the 'ON' state, and reduce the current delivery capability-a key determinant of device performance. Here we show that contacting semiconducting single-walled nanotubes by palladium, a noble metal with high work function and good wetting interactions with nanotubes, greatly reduces or eliminates the barriers for transport through the valence band of nanotubes. In situ modification of the electrode work function by hydrogen is carried out to shed light on the nature of the contacts. With Pd contacts, the 'ON' states of semiconducting nanotubes can behave like ohmically contacted ballistic metallic tubes, exhibiting room-temperature conductance near the ballistic transport limit of 4e 2 /h (refs 4-6), high current-carrying capability (,25 mA per tube), and Fabry-Perot interferences 5 at low temperatures. Under high voltage operation, the current saturation appears to be set by backscattering of the charge carriers by optical phonons. High-performance ballistic nanotube fieldeffect transistors with zero or slightly negative Schottky barriers are thus realized.
Transparent electrical contacts made to metallic single-walled carbon nanotubes (SWNTs) have revealed them to be ballistic conductors that exhibit two units of quantum conductance 4e 2 /h (R Q ¼ h/4e 2 ¼ 6.5 kQ) [4] [5] [6] . Carrier transport through the valence and conduction bands of a high-quality semiconducting SWNT could also be ballistic, presenting an opportunity to realize ballistic field-effect transistors (FETs) based on molecular electronic materials. However, such effort has been hampered by non-ideal electrical contacts made to semiconducting SWNTs. Previously, thermionic emission current and associated barriers between Ni contacts and SWNTs 7 have been reported for materials grown by chemical vapour deposition (CVD). Recently, significant Schottky barriers (SBs) have been found in SWNT-FETs (with Ti contacts and laser-oven nanotubes) [1] [2] [3] . Thermionic emission and tunnelling are involved in transport across the SBs, which limits the ON state conductance of nanotube FETs to be well below the 4e 2 /h limit (G ON < 0.001 £ 4e 2 /h for laser tubes [1] [2] [3] ; and G ON < (0.05 2 0.3) £ 4e 2 /h for CVD tubes [7] [8] [9] [10] ) at room temperature. At low temperatures, quenching of thermionic currents causes semiconducting SWNT devices to be about 10-100 times more resistive than at room temperature 7, 11, 12 . A solution is presented here to eliminate or greatly suppress SBs at metal-nanotube contacts. We find that for Pd-contacted, long, semiconducting SWNT devices (length L ¼ 3 mm, diameter d < 3 nm, Fig. 1a ) with back gates (SiO 2 thickness t ox ¼ 500 nm), the room-temperature ON state conductance through the valence band (VB) is up to G ON < 0.1 £ (4e 2 /h) (R ON ¼ 60 kQ, Fig. 1b ). For short channel nanotubes at room temperature (L ¼ 300 nm ,  Fig. 1a Fig. 1c ). For long SWNTs, the ON state p-channel conductance exhibits metallic behaviour between room temperature and ,200 K, and typically shows a downturn in G ON upon further cooling (Fig. 1b inset) . The short nanotubes do not show such downturn, and the average G ON monotonically increases as temperature T decreases to ,50 K (Fig. 1d) , below which pronounced oscillations with Fabry-Perot type of interferences 5 appear in the G versus gate voltage (V gs ) data Figure 1 Pd-contacted long (L ¼ 3 mm) and short (L ¼ 300 nm) back-gated SWNT devices formed on the same nanotubes on SiO 2 /Si. a, A scanning electron microscope (SEM) image (left) and atomic force microscope (AFM) image (right) of a representative device. CVD synthesis for SWNTs and device fabrication were as described previously 25, 26 , except that Pd was used to contact nanotubes. The catalyst used here gave a wide range of nanotube diameters (1.2 2 5 nm) 25 . Ti/Au metal bonding pads were used to connect to the Pd source (S) and drain (D) electrodes. (We note that Pd electrodes tended to be soft and not robust against electrical probing). The devices were annealed in Ar at 225 8C for 10 min after fabrication. The thickness of SiO 2 gate dielectric was t ox ¼ 500 nm, except for the devices in Fig. 4 with t ox ¼ 67 nm. AFM topographic height measurements were used to determine the diameters of SWNTs. The electrical data shown here were recorded with the devices placed in vacuum. b, G (at low S-D bias V ds ) versus gate voltage V gs for a 3-mm-long SWNT (d < 3.3 nm) device recorded at various T. Inset, G ON versus T for the device. c, G versus V gs for a 300-nm-long tube section on the same tube as for b at various T. Differential conductance dI ds /dV ds versus V ds and V gs (inset, measured by a lock-in technique) at T ¼ 1.5 K shows a Fabry-Perot 5 -like interference pattern (bright peak G < 4e 2 /h, dark region G ¼ 0.5 £ 4e 2 /h). Note that in certain V gs regions, the pattern appears irregular, a phenomenon also seen for Fabry-Perot interference in metallic tubes 5 . d, G ON versus T for the L ¼ 300 nm semiconducting tube down to ,50 K.
